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ABSTRACT
Given the rapid integration of 3D printing into schools and universities, educators must equip them-
selves with new skills, class structures, procedures, and thinking, many of which may be challenging for 
teachers with non-technical expertise. Training in 3D printing and computer-aided design traditionally 
requires extended instruction and experience, which is unlikely to be practical for school teachers. This 
chapter explores how effective up-skilling can occur through one-day professional development work-
shops, where educators from all areas of teaching work together during intensive hands-on sessions to 
understand the foundational principles of 3D printing, become aware of the opportunities and limita-
tions, and develop strategies together for implementing it into their curriculums. Through examination 
of the literature around 3D printing adoption in Australian schools, and an analysis of peer-reviewed 
research into short-format professional development, this chapter will help inform researchers, teachers, 
and those developing higher-level curriculum directives around 3D printing in schools.
INTRODUCTION
3D printing presents numerous opportunities across disciplines and is fast being integrated within schools 
as part of broader technological shifts described by the fourth industrial revolution (Schwab, 2017), 
also known as Industry 4.0. Despite increasing pressure from Science, Technology, Engineering and 
Mathematics (STEM) policies, there is little support offered to schools and teachers to learn 3D print-
ing and associated skills such as Computer-Aided Design (CAD) and 3D scanning. Such technologies 
have traditionally been the domain of designers and engineers, trained through years of university and 
commercial practice, and may be daunting for many teachers, particularly those in disciplines where 
computing and technical expertise is minimal. It is unrealistic to expect teachers to add lengthy training 
courses in these technologies to their already busy workload, so novel methods of training, driven by 
bottom-up engagement, must be implemented to ensure teachers and students benefit from the oppor-
tunities presented by 3D printing.
Re-Educating the Educators:
Collaborative 3D Printing Education
James I. Novak
University of Technology Sydney, Australia
29
Re-Educating the Educators
 
The aim of this chapter is to build new awareness of the challenges teachers face when integrating 
3D printing into the classroom, and suggest how intensive workshops may be used to overcome many 
of the barriers when run in conjunction with local universities. This chapter begins by summarizing 
how 3D printing is currently being adopted within Australian schools as STEM agendas increasingly 
encourage teachers to embed new technologies into existing curricula. It then presents new research on 
the opportunity for short intensive courses to provide meaningful training to teachers in 3D printing, 
drawing upon peer-reviewed literature from a variety of disciplines to understand the opportunities and 
limitations of such short workshops. For 3D printing in particular, universities are suggested as vital 
partners for teachers to encourage ongoing learning, acting as hubs through which local schools may 
leverage knowledge and equipment free from many of the biases in existing 3D printing forums and 
education websites. The latter part of this chapter presents the structure of a one one-day Professional 
Development (PD) program run at Griffith University specifically for K-12 school teachers, which has 
been refined over four years with the aim of establishing a strong foundation in both theory and practice, 
driven by a “learning by making” (Loy, 2014) philosophy. These PD workshops in 3D printing have 
been found to be rich in collaboration, with teachers across disciplines and schools connecting and shar-
ing new strategies to implement 3D printing into curricula, access equipment and funding, and create 
more enriching cross-disciplinary projects that suggest new possibilities for the future of education. The 
argument is that hands-on activities during PD courses can be used to encourage new flipped classroom 
teaching strategies that challenge conventional teaching models, and that one-day training can be ef-
fective for encouraging a bottom-up engagement with 3D printing. The chapter concludes with some 
recommendations for future research to measure the long-term effects of PD courses on teachers and 
their teaching, optimizing them as technologies like 3D printing increasingly permeate the classroom 
driven by the fourth industrial revolution.
BACKGROUND
To begin this chapter it is important to discuss the relevant context of this research, particularly around the 
adoption of 3D printing and associated technologies within Australia and its schools where this study is 
based. While there are many similarities globally, and this chapter is intended to benefit a broad range of 
readers, each country will vary depending on a number of factors including government policies around 
education, funding models, infrastructure and socio-economic factors. Within each country different 
states and regions may also have quite different educational policies, as is the case within Australia where 
education is predominantly guided by state policies rather than national policies. Peer reviewed data quan-
tifying these differences related to 3D printing is limited, possibly due to the constant flux experienced 
by both 3D printing and educational institutions globally; however, clues for the rapid changes being 
experienced between states and countries can be found by looking at the quarterly reports from online 
3D printing community, 3D Hubs. The most recent report at the time of writing for the fourth quarter 
(Q4) of 2017 lists Australia as the fourth most active country on 3D Hubs, with Melbourne (capital city 
of the state of Victoria) listed for the first time in the top ten cities (3D Hubs, 2017b), whereas only the 
previous quarter (Q3) it was the fifth most active country with no capital cities in the top ten (3D Hubs, 
2017a). Similarly rapid shifts are seen globally, and while 3D Hubs is not reflective of total 3D printer 
uptake in each country, or related to 3D printers in schools, it does provide a regularly updated metric 
that shows global trends in a much more timely manner than many published works. Loy (2014, p. 113) 
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acknowledges that “the rapid pace of development means that internet resources from credible sources 
are currently more reliable for accurate up to date information.” The quarterly fluctuations recorded by 
3D Hubs are indicative of rapid growth and awareness of 3D printing globally, and sets the context for 
Australia being well-positioned within the 3D printing community despite recent data estimating that 
three percent of Australian households own a 3D printer, with consumer awareness estimated at 75% 
(Bailey, 2017).
Given such growth and awareness of 3D printing, school systems from K-12 are being challenged to 
catch up to this technology. Traditionally the education system has been slow to adopt new technologies 
or implement them appropriately to the betterment of teachers and students (O’Hanlon, 2010; Pierce & 
Cleary, 2016). As a result, the integration of 3D printing within schools has to date been sporadic, often 
driven bottom-up by technology savvy teachers with a personal interest in 3D printing and the ability 
to raise funding to purchase equipment. For example, a recent study by Nemorin and Selwyn (2017), 
which examined the integration of a desktop 3D printer into an Australian high school, found that a mo-
tivated woodworking teacher was responsible for driving this technology and creating a project around 
it as part of the existing school curriculum. This required the teacher to spend weekends experimenting 
with the printer and software prior to bringing it into the classroom, as well as attending workshops and 
researching the industry in his personal time. Evidence from a number of Australian schools investigated 
by Wilson (2013) presents similar stories of individual teachers seeing the opportunity to integrate 3D 
printing into their lessons. Similar stories are common during discussion with teachers attending PD 
workshops at Griffith University (in the state of Queensland, Australia) on 3D printing, as well as during 
visits to local schools for presentations and workshops, and will be detailed later in this chapter. While 
this bottom-up approach by teachers is gaining momentum as 3D printing and other digital fabrication 
technologies become more ubiquitous, it is a slow process that relies on the motivation of teachers 
with vision and understanding of technology, and has been described in a recent study as “a strategy of 
desperation and not a strategy of choice” (Petko, Egger, Cantieni, & Wespi, 2015, p. 56). This leaves a 
significant proportion of teachers who are resistant to 3D printing, having “the attitude that if they can’t 
do it, they can’t teach it” (Wilson, 2013, p. 32).
However, policies from the top levels are beginning to change, with 3D printing in education shifting 
from being a novelty to a mainstream tool (Horejsi, 2014). This top-down approach, driven by a global 
focus on STEM within education, is providing pressure on schools to embrace emerging technologies 
like 3D printing, with the understanding that skills for this technology are going to be important for 
the jobs of the future. Within Australia, policies such as the National STEM School Education Strategy 
2016-2026 (Education Council, 2015) have been implemented from the national governmental level, 
providing guidelines for the attributes of students, teachers, schools, universities and industry. There are 
five key areas for national action within this document, being:
1.  Increasing student STEM ability, engagement, participation and aspiration.
2.  Increasing teacher capacity and STEM teaching quality.
3.  Supporting STEM education opportunities within school systems.
4.  Facilitating effective partnerships with tertiary education providers, business and industry.
5.  Building a strong evidence base. (Education Council, 2015)
Similar documents and criteria are being implemented across the world as STEM competencies 
become increasingly sought after, not only within specific STEM disciplines, but also more broadly 
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(English, 2017). Of particular interest for this research, action 4 of Australia’s guidelines identifies the 
importance of the relationship between schools and universities. Universities are well-known aggressive 
adopters and creators of technologies like 3D printing, and O’Hanlon (2010) describes a trickle-down 
effect whereby:
K-12 administrators can take from the experiences colleges and universities have acquired through 
their use of various tools, and then apply what has worked best, molding it to suit their needs. In effect, 
higher ed has become a de facto laboratory for discovering the best uses of technology and its impact 
on the learning experience.
As adoption of emerging technologies like 3D printing become increasingly driven by top-down forces, 
educators of all levels and across all disciplines are being confronted with the need to rapidly adopt a 
new body of knowledge. This has traditionally been the realm of designers, engineers and architects, 
trained at university to use 3D printing as a prototyping tool, and reliant upon the ability to create three-
dimensional models using CAD software. Such tools often take many years of training, and as such, have 
rarely been the domain of those following a pathway into school education. However, with the top-down 
pressures to bring 3D printing into the classroom, teachers of all disciplines are being encouraged to not 
only re-skill, but develop activities within existing curricula to educate the next generation of workers, 
anticipated to need the technical expertise associated with 3D printing for the jobs of the future (Educa-
tion Council, 2015; Gore, 2013). The link between existing curricula and 3D printing is fraught with 
challenges, with Lipson and Kurman (2013, p. 173) identifying elementary and middle schools as being 
the most difficult education levels to shift. These challenges will be explicated through the following 
section, with ongoing research critical to the effective integration of 3D printing into school curricula.
THE SHIFT TO 3D PRINTING
With headlines in recent media like “K-12 Students Make Science Fiction a Reality with 3D Printing” 
(Conlan, 2016) and “History Coming to Life as 3D Printing Creates Museum Pieces at Schools” (Hunt-
sdale, 2014), it is no surprise that there is a lot of excitement around adopting 3D printing in schools. 
However, the reality for many teachers is far from exciting or living up to the promises of a science 
fiction future. A detailed analysis by an academic embedded within a high school program where a 3D 
printer was adopted described that:
Rather than being a ‘fun’ activity, the affects most often experienced during the eight weeks (by stu-
dents, teacher and researcher) were those of frustration, physical fatigue, mental exhaustion, tedium 
and occasional panic. It also needs to be noted that all these efforts were not necessarily rewarded by 
the fabrication of particularly sophisticated or elegant products. (Nemorin & Selwyn, 2017, p. 592)
Similar frustrations were recorded by Smith (2013, p. 224) in the integration of a 2D cutting machine 
into after-school workshops focused on language and arts, noting that “digital fabrication integration 
requires the teacher to have a back-up plan ready and waiting just in case something does not go as 
planned.” During the author’s role facilitating PD workshops in 3D printing at Griffith University, along 
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with visiting local schools as an Advance Queensland Community Digital Champion, similar experiences 
were common and can be attributed to a number of factors such as:
• The type of 3D printer/s being used.
• The type of software being used to drive the 3D printer.
• The type of software being used to create 3D files for 3D printing (CAD).
• Expertise/training of the teacher with 3D printers and software.
• Maintenance of the 3D printer e.g. bed leveling and cleaning.
• Type of 3D printer filament.
• Type of projects being developed in class.
• Frequency and period of time students and teachers spend with 3D printing.
These factors are complex and interrelated, with any one factor capable of causing significant chal-
lenges to teachers and students, potentially leading to a rejection of the technology due to frustration. 
While many authors have discussed the lowering barriers to entry when it comes to both 3D printing 
hardware and software (Anderson, 2012; Schmidt & Ratto, 2013; Schnedeker, 2015), understanding 
concepts such as three-dimensional space, CAD modeling workflow, 3D file types, printer calibration, 
printer maintenance, and many others can be daunting for those without some prior knowledge. This is 
the situation for many teachers trained in disciplines that are less technology dependent or hands-on such 
as mathematics, languages, history, geography, arts and some sciences. Evidence suggests that while the 
growing push from education policy creators may help expedite integration of 3D printing in schools, 
there is a risk from these disciplines that policies will be resisted or avoided, and are best balanced with 
simultaneous bottom-up approaches (Petko et al., 2015; Rogers, 2003).
As a response from the 3D printing community, numerous online resources are emerging that include 
lesson plans, tutorials and forums specifically for teachers from K-12 to adopt the technology from the 
bottom-up. Well known 3D printer manufacturer Makerbot leverage off their 3D file sharing website 
Thingiverse to create lesson plans and project ideas (Adams, 2016), with members of the online com-
munity able to add projects or modify existing projects under Creative Commons licensing. Similar 3D 
file sharing website Pinshape also provides lesson plans, recently running a competition inviting people 
to upload plans for the classroom (Pinshape, 2017), and well known manufacturer of commercial 3D 
printers Stratasys also provide an online curriculum for 3D printing (Stratasys, 2017). While there are 
many positives for these programs, including the creation of online communities of like-minded teach-
ers who can connect and support each other, it is important that teachers are not exploited, directly or 
indirectly, by such companies whose core business is selling products and services related to 3D printing. 
Direct exploitation may include targeted sales emails or phone calls after registering for a free program, 
while indirect tactics may include the online tutorials using software or 3D printer features that are 
limited to those supplied by a particular company, which may be frustrating to follow using different 
systems. Some participants enrolled in PD workshops at Griffith University have reported such tactics, 
with schools buying into equipment, training and systems which may not actually be the most suitable 
for their specific needs. As a result, many teachers enroll in a PD training day in order to resolve issues 
with the hardware or software their school has purchased, and connect with fellow teachers enrolled in 
the program who have experienced similar challenges.
Objective training of teachers and building awareness about the factors previously listed are funda-
mental to the successful integration of 3D printing within schools. Lipson and Kurman (2013) echo this 
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sentiment, describing the training of teachers as one of the primary barriers to 3D printing becoming an 
embedded part of primary and middle schools. However, given the rate at which 3D printing is growing 
and transforming, a challenge for teachers and anyone engaged with the technology is keeping up with 
developments, which have been likened to the exponential growth described by Moore’s Law (Kras-
senstein, 2014). This rapid pace of technological advancement has led numerous authors to suggest that 
life-long learning is an essential skill for the future, and that both teachers and students alike will be 
learning new technologies together due to the rapid pace of change (Kelly, 2016; Schwab, 2017). For 
those involved in education, the uncertainty of this future is confronting, and challenges the traditional 
authoritative role of teachers. Daunting as it may be, there is evidence from the university setting that 3D 
printing in the classroom requires a shift in the relationship between teachers and students, whereby “the 
student is as likely–more so as a cohort–to be bringing new information on the spread of the technology 
to the classroom as the lecturer” (Loy, 2014, p. 113). The teacher does not need to know all, and through 
concepts such as collaborative learning (Tabot, Tufan, & Hamada, 2013) and the flipped classroom 
model (Altemueller & Lindquist, 2017; Gavriel, 2015), becomes a facilitator for the shared learning of 
everyone in the classroom, including themselves. Kelly (2016, p. 5) suggests that while there is often an 
initial resistance to new technologies, “banning the inevitable usually backfires. Prohibition is at best 
temporary, and in the long counterproductive. A vigilant, eyes-wide-open embrace works much bet-
ter.” Giving teachers the confidence to embrace new technology in the classroom, as well as potentially 
new teaching models that challenge their authority, is a significant obstacle, as is the need to up-skill 
teachers in a domain where constant change is the norm. While it may be impractical to require teach-
ers to participate in expansive training programs into 3D printing and associated technologies, within 
the existing framework for annual professional development training, intensive 3D printing workshops 
are proving a valuable method of initiating the up-skilling process and removing the barriers to entry.
INTENSIVE PROFESSIONAL DEVELOPMENT
Within Australia there are legislated requirements for teachers to participate in Professional Development 
(PD) activities throughout their career, often run externally by institutions like universities in order to 
be formally recognized as contributing to teachers’ annual requirements. PD can be both “formal and 
informal support and activities that are designed to help teachers develop as professionals. This includes 
taught courses and in-school training, as well activities such as coaching, mentoring, self-study and ac-
tion research” (Coldwell, 2017, p. 189). PD frameworks are different for each state of Australia, and for 
the Australian state of Queensland where this research is based, the PD requirements are outlined in a 
document by the Queensland College of Teachers called the Continuing Professional Development Policy 
and Framework. A requirement of this framework is that teachers engage in a minimum of twenty hours 
of recognized PD each year above the expected extracurricular activities teachers regularly participate 
in (Queensland College of Teachers (QCT), 2017, p. 2). According to the Queensland College of Teach-
ers framework (2017, p. 3), “activities such as workshops, seminars, conferences, short courses offered 
by consultants/professional development providers” can count towards PD, and Griffith University has 
been one such PD provider over a number of years. This leverages off the STEM directives outlined 
previously within the National STEM School Education Strategy 2016-2026, encouraging open relation-
ships between schools and universities that are mutually beneficial. Another benefit of this relationship 
is summarized in research from Grimmett (2014, p. 33) who explains that:
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Since the 1990s, the literature on teachers’ in-service training has reflected the general paradigm swing 
towards conceptualizations of learning as ongoing, social, situated and actively constructed. This has 
led to a change of focus from professional development – as something done to teachers by outside ‘ex-
perts,’ to professional learning – as something done with and/or by teachers in response to their own 
pedagogical needs and concerns.
University teachers and school teachers share much in common through employment within the 
education sector, and by working together, a sense of trust can be established during PD workshops 
that allows topics like 3D printing to be embraced as a bottom-up concept, rather than something being 
forced upon teachers by some external agency.
Professional development is widely believed to be an effective way for teachers to continue to evolve 
as educators throughout their career (Grimmett, 2014; Polk, 2006), yet there is debate over the duration 
of training and long-term effects following training, as well as how training is delivered. Polk (2006) 
and Robinson (2013) argue that one-off workshops are ineffective, and training must be sustained for 
at least 30-100 hours in order to increase skills (Robinson, 2013, p. 77). Research out of New Zealand 
provides mixed evidence for the effectiveness of short professional development workshops for teachers, 
suggesting that “listening to inspiring speakers or attending one-off workshops rarely changes teacher 
practice sufficiently to impact on student outcomes” (Timperley, Wilson, Barrar, & Fung, 2007, p. xxv), 
however the authors also clarify that “extended opportunities to learn... are not necessarily more effective 
than their one-off counterparts” (Timperley et al., 2007, p. xxv). In contrast, evidence from the medical 
field suggests intensive workshops one to three days in length can be highly effective in training medi-
cal staff. For example, one-day workshops have been found to be valuable in training medical interns 
to perform ultrasounds, with high retention of skills six months after the workshop (Clay, Lee, Kurtz-
man, & Dversdal, 2016). Training of tutors on endoscopic hemostasis simulators was also found to be 
highly effective in one-day workshops (Matthes et al., 2005), while the confidence and communication 
skills of nurses in cancer palliative care roles was observed to improve after three-day training courses 
(Wilkinson, Leliopoulou, Gambles, & Roberts, 2003), with improvements continuing six weeks later in 
the follow-up assessment. Given this mixed evidence, further research is needed to better understand the 
impact of professional development specific to 3D printing education; however, given the time pressures 
faced by educators, and the existing necessity to continually update knowledge associated with teaching, 
it is unlikely that teachers will ever have the luxury of time to learn 3D printing over extended training 
periods in the order of 30-100 hours. Therefore the one-day workshop, integrated within pre-existing 
PD training schemes for Queensland teachers, is a significant opportunity that this chapter argues must 
be maximized, and can be an effective tool to improve teacher knowledge and skills.
PROFESSIONAL DEVELOPMENT DAY STRUCTURE
Over four years from 2014-2017, the author ran all formally recognized PD events held at Griffith Uni-
versity, specifically within the Queensland College of Art, where 3D printing is a major focus of study 
for students across a range of design and creative disciplines. PD programs were held three times each 
year, and the author also regularly ran short 1-2 hour workshops for school groups passing through the 
university, or on-site at local schools. The formal PD events hosted at Griffith University were day-long 
intensive workshops run on weekends, and teachers voluntarily elected to participate in the 3D printing 
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workshop as part of their 20 hours of annual development. Within the limited timeframe of such events 
(approximately 6 hours), the primary focus was on empowering teachers to use 3D printers and software, 
introducing them to core concepts and instilling an internal (bottom-up) desire to continue investigating 
the technology beyond the extents of the workshop.
The variety of teacher expertise and experience during PD workshops may be viewed by many as 
a challenge, with some teachers having experience in 3D CAD software like Autodesk Inventor or Fu-
sion 360, and already running one or more 3D printers. These teachers typically attend the workshop to 
enhance their skills, having the opportunity to experience higher level professional software available 
at the university such as Solidworks, and come armed with questions related to project ideas for their 
classroom, troubleshooting 3D printers, and learning about the latest developments within the industry. 
At the other end of the spectrum, some teachers have limited experience with computers and are seeing 
3D printers in action for the first time, using the workshop as an entry point to the technology. In order 
to overcome the challenges of providing value to all participants, PD workshops in 3D printing are lim-
ited to between five and ten participants, allowing the facilitator to tailor the workshop to the individual 
needs and expectations of each participant through information gathered during Session 1. Also on-hand 
for many workshops is a student assistant, normally in second or third year of a design course, with 
suitable experience in the tools being demonstrated. This means that for each group of teachers there 
are two facilitators in the 3D printing workshops, providing a very good 5:1 student-facilitator ratio or 
better. Such a ratio is difficult in more traditional courses, however for one-day intensives, becomes quite 
feasible and may improve teacher’s perceptions of the training compared to other large-scale one-day 
workshops and seminars discussed in literature.
These low numbers also mean that each participant has access to a laptop from Griffith University’s 
3D printing lab, loaded with a variety of design and 3D CAD programs. A round-table concept fosters 
ongoing discussion and collaboration throughout the workshop, as shown in Figure 1. Additionally, there 
are enough UP Plus 2 3D printers (desktop fused-deposition modeling machines) for each participant 
to use either individually, or paired with another participant during the day. With many schools in Aus-
tralia only having one or two 3D printers, or yet to purchase their first, many teachers are left without 
an opportunity to experience the technology first-hand due to it being unavailable, or controlled by a 
specific faculty or group (Wilson, 2013); therefore the local university becomes a logical access point 
to both hardware and software, removed from the internal politics of the school environment, yet seen 
as a partner in the education industry and not some external sales company or training provider. Being 
perfectly set up to train adults for the workforce, universities like Griffith University have the latest 
technologies conveniently located in one place, and are able to act as neutral territories for teachers to 
learn about 3D printing and associated technologies. The following sections of this chapter will detail 
the structure and activities of the workshop, with observations intended to assist those setting up similar 
workshops or university- school partnerships focused on 3D printing.
Session 1
The basic structure for the PD day at Griffith University can be seen in Figure 2, featuring three sessions 
broken up by meal breaks. Creating an open, relaxed and sharing environment is vital from the begin-
ning, and while some material is prepared in advance, the workshop begins with a discussion amongst 
the group about their experiences and expectations for the day. From this information the prepared 
material can be adjusted, removed, or become an area for focus, with no two PD workshops ever the 
36
Re-Educating the Educators
 
same; as a result, it is not uncommon for teachers to return to this workshop on an annual or bi-annual 
basis. The content of the sessions is highly flexible, with improvisation described by Grimmett (2014) 
as important to professional development. While this requires experience by the facilitator, it is even 
more important to have confidence in uncertainty, and to celebrate the potential for participants to teach 
the facilitator just as much as they will be taught new information during the day, following a flipped 
classroom approach. Given the pace of development of 3D printing as a technology, and its proliferation 
through schools, it would be naive to expect a facilitator to know everything, which must be made explicit 
from the outset. This open discussion can also help ease participants into the day, as some teachers may 
feel intimidated about being in a university setting, or involved in a PD program which has often been 
inflicted upon teachers with negative results (Grimmett, 2014). Similar open discussions are used with 
university students to help establish the flipped classroom setting (Loy, 2014), and empower students 
to take charge of their own learning.
Following initial group discussion, an informal lecture takes place to introduce key concepts, continu-
ing discussion and helping to answer many of the common questions teachers arrive with. The traditional 
lecture format is often a criticism of the flipped classroom model due to being incompatible with some 
learning styles (Gavriel, 2015), however, is a necessary part of the workshop in order to ensure all teach-
ers begin with a base level of knowledge about the technology. Due to the small group size and location 
Figure 1. Teachers engaged in project 1 designing their own keyrings in Solidworks
Figure 2. Basic professional development day structure
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in a 3D printing lab rather than lecture theatre, information is presented conversationally with physical 
examples of 3D printed objects to support the more theoretical principles, engaging participants. Some 
of the key elements of the talk include:
• The types of 3D printing technologies available e.g. FDM, SLA, SLS, as well as materials.
• Where to access 3D printing outside of school e.g. local libraries, community groups, online 
websites.
• What to look for in a good 3D printer.
• Examples of industries being disrupted by 3D printing.
• Future careers for students to consider.
• Free and commercial 3D CAD software.
Following this introduction, Problem-Based Learning (PBL) activities are used to actively engage 
teachers throughout the workshop in the practical and theoretical principles of 3D printing. PBL uses “a 
set of carefully selected open-ended problems” which are “chosen by the instructor such that they require 
the student to achieve the desired learning objectives in the pursuit of solving the problem” (Huang, 
Malicky, & Lord, 2006, p. 2). Given the limited timeframe of the workshop, the open-ended nature of the 
problem is limited within a specific domain, which for the first project is to design a personal keyring. 
The keyring is chosen for a number of reasons:
1.  It can be as simple or as complex as the participant likes depending on their CAD experience.
2.  It is a small object that can be 3D printed quickly, with multiple possible on a single desktop 3D 
printer.
3.  It allows for customization principles to be learned, an important feature of 3D printing.
4.  It introduces two basic principles of CAD; adding and subtracting material.
Solidworks is the CAD software used for this first project, and is also deliberately selected for a 
number of reasons:
1.  Some teachers come to the workshop with experience of 3D CAD, typically Fusion 360 or Inventor 
(both Autodesk products accessible to teachers and students with education licenses). This work-
shop is an opportunity for teachers to experience professional level software used in the industrial 
design industry, which can be used to talk with their students about further education at university 
in design and engineering careers.
2.  The Solidworks workflow of starting with a Sketch (2D drawing), and then turning this into a 
Feature (3D addition or subtraction of material) is a clear principal in this software. It allows those 
with less understanding of 3D geometry to learn quite quickly by following this 2D to 3D process 
to build up a design.
3.  Many of the tools and processes in Solidworks can be applied to other 3D CAD programs, so the 
learning is relevant despite being expensive to access for schools.
4.  Solidworks is a parametric tool, meaning that it is “based on a hierarchy of variable-controlled 
dependencies. Each active variable causes the overall system to change its behavior and thereby 
generate variations without losing the overall coherence and integrity of the system” (Qian, 2009, 
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p. 22). 3D CAD models can easily be edited based on results of 3D printing, for example increas-
ing thickness to improve the strength of a 3D printed part, allowing for rapid iteration and learning 
during the workshop.
Other 3D CAD packages could also be used to similar effect, and at times, based on the earlier dis-
cussion with participants, it has been deemed more appropriate to begin this first project in Tinkercad, 
which is a free browser-based CAD package. The facilitator leads the tutorial for producing the keyring 
step-by-step, explaining core principles along the way and allowing teachers to explore opportunities 
for customization. There are no rules or guides as to the final outcome, simply to learn the Solidworks 
modeling process and produce something that can be used as a keyring. As shown in Figure 3, a template 
on each laptop is also used to begin the keyring model, featuring a perimeter to describe the dimensions 
of half an UP Plus 2 3D printer build plate; with the printers available nearby, this gives a sense of scale 
to teachers and ensures that during later 3D printing of the keyrings, at least two can be printed at a time 
to make efficient use of the machines. These are principles that are important for teachers to consider 
within their own classrooms, with the size limitations of 3D printers being a critical design constraint, 
and the slow printing speed of current affordable desktop 3D printers requiring each print run to be 
optimized with as many objects as possible.
A simple design is produced by the facilitator using only addition and subtraction tools, shown in 
Figure 4. This is to minimize information overload, and ensure that teachers of all experience levels can 
both learn and enjoy the process of producing a 3D object. Predominantly a policy of anything goes is 
maintained, with the facilitator or student assistant only stepping in to correct features that will cause 
major problem during printing, for example extremely thin wall sections. It is in fact expected that most 
of the prints of this first project will turn out with results that are unexpected, and will highlight issues 
Figure 3. Solidworks template describing the dimensions of half an UP Plus 2 3D printer build plate
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with the particular 3D printers, the 3D print settings used, or the 3D model. This can then be modified, 
and a second 3D print produced for comparison. The concept of learning through failure and iteration 
with 3D printing is important for teachers to embrace, with failure a common feature of 3D printing in 
the classroom (Nemorin & Selwyn, 2017), and an important part of being a facilitator is guiding the 
teachers through both the opportunities and challenges of 3D printing technology, rather than setting a list 
of rules in order to achieve success with each print. A common phrase repeated during these workshops 
is to use the day to try and break things; software can always be restarted, and printers can always be 
recalibrated. There is no room for being precious during this hands-on learning process with affordable 
desktop 3D printers, and this mentality is a feature of teaching 3D printing at Griffith University (Loy, 
2011, 2014). Such an approach may be more challenging for schools where hard-earned funding may have 
been spent on a single 3D printer, and the notion of pushing the limits and potentially breaking the printer 
is daunting. This is a major benefit of creating strong relationships between schools and universities.
Teachers with more experience of CAD tend to be quick to begin 3D printing their design, and often 
help fellow teachers with their CAD models in order to ensure everyone has a keyring printed, or ready 
to print, during the first break. A team mindset, and feeling of excitement for many doing their first 3D 
print, helps everyone feel valued and capable of using this technology. Within approximately two hours of 
Session 1, teachers have gained a theoretical foundation in 3D printing, alongside practical skills. While 
3D printing a keyring is a relatively simple task, the concepts of customizing an object and “learning 
by making” (Loy, 2014) initiates discussion with teachers about how these principles may be brought 
into the classroom, for example creating simple test pieces to explore the abilities of the school printer 
(e.g. a series of vertical pillars or holes at different thicknesses), or adding the school logo onto a part 
of a robot or drone that may be used in school competitions or events. Such examples can be simple 
pathways to begin using the technology at school, until teachers gain confidence to adapt the learning 
to suit their own course agendas.
Figure 4. Final keyring model in Solidworks
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Session 2
The second session is normally run as an opportunity to design and 3D print more complex forms, 
inspired by some of the exemplars discussed during Session 1, and using some of the more advanced 
tools available in Solidworks. Alongside customization, another opportunity offered by additive manu-
facturing over more traditional manufacturing techniques is often described as “complexity for free” 
(Gibson, Rosen, & Stucker, 2015, p. 7), where the time and energy to create a solid cube is about the 
same as producing a larger complex lattice structure of the same material weight. While the skills needed 
to create complex CAD models are quite advanced, typically taking years of training to develop, it is 
also possible to explore the concepts with amateurs using pattern features. An example used from the 
workshops is shown in Figure 5, beginning with creation of a swept shape. This single object can be 
multiplied using a Circular Pattern, which creates copies around a central axis, resulting in a far more 
complex form that teachers begin to see could be used as a lampshade, table base or piece of jewelry. 
Furthermore, this complex form can itself be patterned, the third stage in Figure 5 using a Linear Pat-
tern to create a lattice grid structure. Given the parametric nature of Solidworks, teachers are then able 
to go back and modify settings of the initial swept geometry or the central axis of the circular pattern, 
drastically changing the forms and rapidly iterating within CAD. At any point these forms may be 3D 
printed to test the relationships between the model on screen and the printed result, which is often quite 
poor due to the necessity for support material and the delicate geometries modeled without scale in 
CAD. However, as with the keyring, these are vital hands-on learning experiences that can be brought 
into the classroom with students learning to see patterns in the objects around them and reduce complex 
real-world objects into their most basic geometry. This session provides a lot of opportunity for teachers 
to pursue their own creative experimentation, and results can be surprising when succeeding against the 
odds, reinforcing the “learning by making” (Loy, 2014) strategy. An example of a successful 3D print 
from this session is shown in Figure 6, which combines some of the skills from Session 1 and Session 
2, and was 3D printed without support material.
Figure 5. Swept form (left), circular pattern (center), linear pattern (right)
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Session 3
The final session of the PD workshop is the most flexible and tuned to the specific needs of the teachers 
involved. In general there are three main types of activities prepared for use:
1.  3D Scanning: Alongside 3D printing capabilities, 3D scanning is an important technology at 
Griffith University that allows for people, animals and objects to be digitized, in order for custom 
designs like medical braces to be designed around them and 3D printed. The skills to work with 3D 
scan data are advanced, however the workshop provides the opportunity for teachers to get hands 
on with the technology, understand the workflow, and use some pre-processed scans in Solidworks 
to create a custom fitting wrist brace or similar item following the facilitator’s tutorial. This also 
allows discussion of the types of 3D scanning technologies available, particularly important as 
emerging mobile phones such as the Sony Xperia XZ1 include 3D scanning capabilities built-in, 
potentially becoming mainstream over the coming years and therefore available in the classroom 
without additional hardware.
2.  More Advanced 3D CAD: For teaching groups that have a number of experienced CAD users, it 
is also possible to continue learning additional tools in Solidworks, or work through a hypothetical 
school project to test ideas within the group. This is an opportunity for teachers to take a leader-
ship role, guiding concepts despite possibly only having a few hours experience with CAD and 3D 
printing. Examples have included designing an enclosure for an Arduino microcontroller, custom 
Lego pieces, and drone propellers that can be parametrically modified for testing the effects of dif-
ferent geometries. Many teachers are bringing electronics into the classroom, and combining these 
projects with 3D printing can be a logical pathway to embed 3D printing into existing curricula, 
as shown in the research by Wilson (2013).
Figure 6. 3D printed object from Session 2 on an UP Plus 2 3D printer
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3.  3D Sculpting: For many people, the workflow and rigid geometries of a program like Solidworks 
are not compatible with how they think in 3D, or the sorts of projects they have in mind. This final 
session is a good opportunity to trial sculptural software often used by artists and animators, includ-
ing freely available Sculptris, which leads to more high-end packages like Mudbox and ZBrush, 
also available at the university. Through this it is possible to discuss basic principles around mesh 
modeling and ensuring models are watertight in order to successfully 3D print, and art teachers 
are often most interested in this type of CAD as an opportunity to bring 3D printing into their 
classrooms alongside more tactile sculpting.
Ultimately the final session permits a lot of one-on-one interaction between teachers and the facilita-
tors, allowing teachers to get the most relevant knowledge to help them moving forward with 3D printing 
despite the short nature of the workshop. As an accredited program for professional development, teachers 
are also provided with certification for the workshop, which counts towards their annual requirement 
in Queensland under the Continuing Professional Development Policy and Framework (QCT, 2017). 
Beyond the specifics of this PD workshop structure, the collaborative environment creates new relation-
ships between teachers, and between the university and local schools, that is mutually beneficial and 
discussed in the following section.
COLLABORATIVE LEARNING
Despite the mixed evidence supporting the effectiveness of short workshops and training, and a lack 
of research specifically relevant to 3D printing, teachers report an increased understanding and inter-
est in 3D printing in feedback recorded at the conclusion of each workshop. One of the most frequent 
comments relates to the pedagogy of the workshop and adoption of the same collaborative environment 
used in the semester-long undergraduate courses at Griffith University, a model discussed in detail by 
Loy (2011, 2014). The collaborative learning environment as a research area has been studied in great 
detail, and may also be known as:
cooperative learning... collective learning, learning communities, peer teaching, peer learning, recipro-
cal learning, and team learning. All of these terms refer to an instruction method in which students at 
various skill and knowledge levels work together in small groups in order to achieve a common solution. 
The students are responsible for one another’s learning as well as their own. (Alaoutinen, Heikkinen, 
& Porras, 2012, p. 27)
Throughout the PBL activities inherent to a collaborative strategy (Huang et al., 2006), it has been 
observed that the more experienced participants become impromptu assistants, pairing with less ex-
perienced teachers to help collaboratively develop new knowledge. “Teaching something to someone 
else is an effective way to organize one’s own thoughts” (Alaoutinen et al., 2012, p. 45), and frequently 
those with some experience find that they adopt the flipped classroom teaching methodology modeled 
by the workshop facilitator, gaining first-hand experience in being a facilitator of knowledge without 
necessarily being an expert in 3D printing. Grimmett (2014, p. 38) explains that:
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Creating a developmental professional learning environment for teachers (as a new institutional practice 
of professional development) which encourages them to collectively create and ‘perform’ teaching in 
new ways, can potentially lead to significant changes in teachers’ professional motives and competences 
in teaching.
For many, the experience of being in such a collaborative environment demonstrates the opportunities 
to challenge traditional teaching models at school, and is as valuable an outcome as the more technical 
knowledge about 3D printing.
While universities may have leading facilities, equipment and educators, it is unlikely that they face 
the same challenges as schools, particularly related to budget and curriculum integration. A vital ele-
ment of the PD workshop is the opportunity for teachers to network beyond their own school or depart-
ment. By bringing teachers together in a single location, fuelled by a particular interest in 3D printing, 
knowledge is shared in ways that may not normally occur. The teachers themselves are experts in many 
aspects of bringing 3D printing into the classroom, particularly those teachers who have been through 
the hurdles of gaining funding, accessing software, managing access between departments and students, 
and implementing projects within existing curricula. By sharing information, barriers between schools 
and departments are being removed, and teachers are connecting through a shared interest in 3D print-
ing, building the bottom-up adoption of the technology and an informal support system for teachers, by 
teachers.
Furthermore, within individual schools it has been observed that teachers across disciplines are con-
necting, sharing their experiences, and developing strategies together to implement 3D printing, not in 
isolation, but as interconnected courses. For example, mechanical principles taught in Physics through 
3D printed prototypes of levers and gears may then be applied to the design of a more efficient brace 
or exoskeleton in Physical Education (PE) classes, which might be tested and iterated during a term or 
semester. Alternatively, mathematical principles may be used to produce complex 3D printable sculptures 
for art classes, similar to the work of Segerman (2012). This blending between disciplines seems to be 
heightened in school environments where a small number of 3D printers are available, forcing more 
carefully planned lessons across the teaching faculties in order to allow access for students. Occasion-
ally two or three teachers from a particular school have participated in a 3D printing PD workshop, and 
through the course of the day, developed new lesson plans, projects and more interdisciplinary learning 
strategies in consultation with facilitators that they had not been able to resolve. The effect is not just 
limited to intra-school initiatives, but has been observed inter-school as teachers connect and learn from 
each other with the mentality that we are all in this together.
In many ways this is a reflection of the often open-source, peer-to-peer principles that have accelerated 
3D printing technology, and more broadly, the concept of a sharing economy. In the case of education, 
this sharing is poised to open new possibilities for cross-disciplinary collaboration, and may provide 
the catalyst for more integrated teaching models and project-based learning. This is an important goal 
of STEM policies, with Australia’s National STEM School Education Strategy 2016-2026 (Education 
Council, 2015, p. 3) stating that “schooling should support the development of skills in cross-disciplinary, 
critical and creative thinking, problem solving and digital technologies, which are essential in all 21st 
century occupations.” The sign from 3D printing adoption in schools is that it is acting as an enabler for 
such strategies, not just a tool that is important for future careers, but a tool through which broader shifts 
that are part of the fourth industrial revolution may be better understood and implemented. While the 
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literature suggests that short, one day workshops themselves may be unable to impart the same knowl-
edge of longer courses, as a strategy that fits within current requirements for professional development, 
the one-day workshop is a tool that may still be undervalued for its ability to rapidly inspire teachers in 
new technologies, and create long-term relationships between participants, facilitators and institutions.
LESSONS AND FUTURE RESEARCH DIRECTIONS
The core mission of the PD workshop on 3D printing is to empower school teachers to bring 3D printing 
into their classroom, and ignite an interest to continue training, researching, and 3D printing as much as 
possible to improve their knowledge. While the theoretical and practical skills gained during the work-
shop are extensive, given the short duration of the course it is unrealistic to expect all of the information 
to be retained. However, if an excitement about the technology can be generated, and teachers have 
physically designed 3D CAD models and run 3D printers themselves, they are more likely to pursue 
future opportunities to be involved in 3D printing. From four years of running numerous variations of 
the structure outlined in the previous section, a number of key lessons are believed to be important to 
running a successful intensive course in 3D printing specifically for school teachers:
• Utilizing the flipped classroom model encourages discussion, collaboration and networking 
amongst participants, with “the teacher’s role shift[ing] to that of learning coach and facilitator. 
The flipped classroom provides an avenue for more hands-on and student-driven learning during 
class time” (Altemueller & Lindquist, 2017, p. 341).
• 3D printing is a hands-on activity that cannot be learned through theory alone. The PD workshop 
must provide as much opportunity for teachers to create 3D CAD models and run 3D printers 
as possible, “learning by making” (Loy, 2014), and taking advantage of the university facilities. 
Providing each teacher with a computer and 3D printer, or sharing in pairs, is important.
• Workshops are successful with small groups up to ten people, allowing the content to be adapted 
to the needs of each individual as much as possible. Flexibility is vital to provide maximum value 
to teachers who come from very different schools, departments, and with different learning styles 
and needs.
This chapter argues that single day workshops are powerful tools for introducing teachers to 3D 
printing and associated technologies. However, more research is needed to better understand the oppor-
tunities and challenges of short intensive courses, with peer-reviewed evidence specific to 3D printing 
lacking, and broader literature into short forms of PD being mixed. Within the limitations of these one-
day workshops which are organized as stand-alone events, it is difficult to measure the effects weeks 
and months after the workshop, and this will be a valuable future research direction. This could involve 
surveys sent to teachers, or school visits by facilitators, in the weeks and months after the workshop 
to understand how they have continued to build upon their 3D printing knowledge and embedded 3D 
printing into their classroom. Alternatively, the university could offer follow-up workshops during the 
year rather than repetitions of the same introductory workshop, moving towards the minimum of thirty 
hours PD recommended by Robinson (2013) over the course of a year. There are also opportunities to 
trial more formal online collaborative environments for teachers to continue their 3D printing learning 
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and collaborating beyond the workshop, facilitated and moderated by universities who act as a local and 
impartial contact point for schools and teachers. Given the top-down directives requiring technologies 
like 3D printing to be adopted within all aspects of education, novel strategies such as one-day hands-
on workshops at a university are urgently needed to up-skill teachers, and inspire them to embed the 
technology into their classroom for the betterment of their students.
CONCLUSION
3D printing is an exciting technology that is gaining momentum in schools around the world. Within 
Australia, there is increasing pressure on teachers through new education policies to embed the technology 
within their curriculum. This is not limited to the anticipated design and engineering courses, but across 
many disciplines including art, mathematics, sciences and humanities, disciplines where teachers may 
have minimal experience with technology or computing. As a result, teachers are confronted with numer-
ous challenges, requiring up-skilling and new approaches to education. While there is limited academic 
literature investigating the effectiveness of short one-day workshops, qualitative evidence presented in 
this chapter suggests that 3D printing workshops specifically for school teachers, run over one-day, can 
be an effective introduction to the technology and instill both theoretical and practical principles. What 
is critical to optimizing the limited timeframe is to utilize a hands-on approach where teachers are able 
to problem-solve and fail within a safe environment. A flipped classroom strategy allows for collabora-
tion and open discussion amongst the teachers and facilitators, all contributing to the knowledge and 
understanding of 3D printing through the specific lens of K-12 education.
Furthermore, the partnership between schools and universities is seen to remove the stigma of pro-
fessional development training, often inflicted upon teachers by external agencies, and creates a neutral 
learning environment where technologies can be trialed objectively, and the opportunities and limitations 
discussed without hidden agendas or sales tactics. It is argued that universities with 3D printing capabili-
ties must act as facilitators for the adoption of new technologies like 3D printing within schools, having 
the budgets, equipment and facilities for local teachers to experiment just like students, outside of the 
limitations of the school environment. However, more research is needed to cater to the unique needs 
of teachers during short one-day training events, as opposed to university students enrolled in semester-
long 3D printing courses or more. It is suggested that more formal arrangements between universities 
and schools may be beneficial to improve collaboration and knowledge sharing between teachers. New 
approaches to educating teachers such as this are necessary to empower teachers, and ultimately im-
prove the skills and competencies of the next generation of adults who are emerging through the fourth 
industrial revolution into a rapidly changing world.
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KEY TERMS AND DEFINITIONS
Bottom-Up: Within the context of this chapter, bottom-up refers to the intrinsic drive of individu-
als to adopt new technologies or processes, as opposed to top-down forces like government policy and 
legislation forcing change.
Collaborative Learning: Groups of learners working together with instructors towards a common 
goal which may include creating a product, solving a problem, or performing a task.
Computer-Aided Design: The use of computer systems to assist in the creation, modification, 
analysis, or optimization of a design in 2D or 3D.
Flipped Classroom: This is a teaching methodology that encourages students to access lecture mate-
rial outside of class, devoting class time to hands-on problem solving and the application of knowledge. 
The teacher’s role shifts to that of a facilitator, and collaborative learning and problem-based learning 
are important features of the flipped classroom.
Problem-Based Learning: Carefully selected open-ended problems are used to provide opportuni-
ties for students to learn through the experience of solving the problem. It is largely a self-directed and 
student-centered approach which may involve group work.
Professional Development: For teachers this is a formal process of continued learning through 
coursework, conferences, and other forms of training, which is mandatory in some states of Australia.
STEM: The learning of science, technology, engineering, and mathematics, often as an interdisci-
plinary approach to education.
